In the middle of the last century, plastics heralded a new era; by the 1980s, their legacy, marine litter, was reaching the most remote island shores [1] and increasing rapidly [2] . However, accumulation of plastics and other debris was still relatively inconsequential on shores in the Southern Ocean [3] . The debris data presented here demonstrate, for the first time, unequivocal spatial and temporal trends in accumulation across the entire southern hemisphere. There is a clear relationship with latitude from more than 2 items per meter per year at the equator to less than 0.01 item per meter per year on the most southern shores. Human habitation patterns can almost entirely (r 2 > 97%) explain this cline. The data demonstrate both increased and accelerated artefact accumulation on remote shores over more than 3 decades. The rate of change is, however, most extreme at cold temperate/polar latitudes. Plastics are pushing polewards; the miracle material could transform Antarctica's shores from wilderness to wasteland.
FIGURE 1.
Accumulation of marine debris, plastics in particular, are still increasing on remote islands in the southern hemisphere that have been surveyed (numbered by increasing latitude -insert). Deposition of this oceanic flotsam on shores around the margins of the Southern Ocean, such as Bird Island (main picture), is accelerating and, in 2000, reached levels one to two orders of magnitude higher than in the previous decade. This poses an increasingly significant threat to seabirds such as wandering albatross (shown). Photo by K. Reid. [1, 2, 3, 6, 7, 8, 12, 13, 14, 15, 16, 17, 18, 19] . Hemispheres are identified by insert legend. Relationships are significant (ANOVA, df = 1, F ratio = 26.5 and 37.4 for north and south, respectively, both p < 0.001, both r 2 = 40%). Relationships north and south are significantly different (GLM ANOVA, df 1,1, F ratio 21.7, p < 0.001). Insert (right) includes data for urban sites.
Nonanthropogenic debris (driftwood and pumice) was reported to have crossed the Polar Frontal Zone (PFZ) in both directions [10, 11] several decades ago. Debris on some southeastern Indian and west Pacific shores have even been reported to have a Southern Ocean source [12] . Clearly, even the PFZ (considered to be the most substantial surface oceanographic barrier) is not effective as an obstacle to flotsam. Aesthetics of stranding marine litter alone may have major commercial implications. Cleaning efforts on South African beaches have, on average, doubled each decade [13] . Despite some high profile reports of the scale and pattern of debris increase at specific locations [1, 2] , as well as the vast distances the debris may cover [6, 7, 8, 9, 10, 11] , scientific attention waned while litter waxed [2] . Following the recent resurgence of interest and concern about marine plastics and their consequences [5, 7, 8, 9] and the increasing intensity of surveys in the southern hemisphere, aspects of panaustral accumulation patterns have been collated from the literature and some trends presented here.
The now-widespread marine litter surveys on continental shores have shown that debris density decreases rapidly away from urban centers [11] . No other relationship is obvious in time and space (e.g., latitude, Fig. 2 insert) . Since the 1980s, there has, however, been sporadic research on the marine debris washing up on remote shores of islands in the Atlantic, Indian, Pacific, and Southern oceans [1, 2, 3, 6, 7, 8, 12, 13, 14, 15, 16, 17, 18, 19, 20] . Despite this, few geographic trends have previously been constructed, either by latitude or longitude (but see [7, 8] ). Meaningful transocean comparisons remain problematical due to the restricted range of data (and study islands) in certain oceans, such as the south Atlantic. Nevertheless, combination of both 10 years of sampling (from tropical Ascension at 7ºS to Adelaide Island, Antarctica at 68ºS) with the broad, but often isolated, literature shows that there is a clear trend in marine debris accumulation with latitude ( Fig. 2 , main graph). The highest levels, in the tropics to warm temperate regions, peak at about 2.5 items per meter per year. Variability in accumulation of debris on (mostly remote) southern hemisphere islands is at the scale of about three orders of magnitude. There are a myriad of potential factors, which might be expected to induce high variability, such as degree of isolation and compass direction of beaches. The best-fit relationship indicated ( Fig. 2 main graph) , however, explains virtually half of total data variability. Thus, it can be concluded that, overall, latitude (or a correlate of) is the biggest predictor of debris accumulation rates. Time, though, also proved to be an important source of variability.
There was mixed evidence in the 1970s on whether or not marine debris was increasing or decreasing [14, 15, 16] in southern seas. Reports in the 1980s suggested that not only was marine litter reaching even remote islands in most southern hemisphere oceans [3, 14, 16] (Fig. 3) , but also that it was increasing at the few sites that were monitored [2, 15, 16] . By the 1990s, the Commission for Conservation of Antarctic Marine Living Resources (CCAMLR) had instigated programs for monitoring shore debris, although some signatories had already been doing so [16] . The data in Fig. 2 show a strong and relatively simple spatial relationship of marine debris accumulation. Multiyear studies at some remote island sites, such as Inaccessible Island (South Atlantic) [2] , have found clear time trends as well. Spatial and temporal relationships were analyzed by calculating means of accumulation values pooled by each 5 degrees of latitude and by decade (Fig. 4) . Differences between 1970s and 1980s accumulation levels were not apparent in the southern hemisphere (unlike in the north [5] ), though little data are available from the former. Trend curves for the two following decades were clearly different. however, both from each other and earlier data. The remote island study localities had higher debris accumulation rates with increasing time, but the rate of increase was greatest in and around the Southern Ocean. The amount of debris washing ashore in the tropics and subtropics had typically doubled from the 1980s to 2000s. On south Atlantic island shores, rates had, however, increased by an order of magnitude and nearly two orders of magnitude by 60 degrees south. Most of the flotsam washed ashore is anthropogenic, though this has been shown to increase with increasing latitude [8] . Accumulation rates of this fraction (man-made) debris seem to be very closely correlated with human population levels for each 10 degrees of latitude from the equator to near pole (Fig. 5) . Differential surface area from the tropics to pole does not appear to be a confounding factor as accumulation rates have a similarly high correlation with human population density (Fig. 5 insert) . Such a close correlation must cast some doubt on the significance and extent of export of seaborne rubbish from the 'dirty seas' of the northern, more heavily populated hemisphere. Despite transoceanic travel of some items [1, 2, 10, 11] , it seems likely that culpability begins at home; the litter legacy is literally in our littoral. In contrast to the proportions estimated to be entering the oceans [4] , plastic was generally the principal constituent of shore debris. Between 47 and 100% of artifacts were plastics, except at the Snares Islands (south of New Zealand) [15] and the high Antarctic islands in the Ross Sea [3] . This variability, as with debris accumulation rates, formed a highly significant cline with latitude (Fig. 6) . In contrast to overall debris trends, however, the proportion of plastics increased with increasing latitude up to ~60ºS. This seems likely to be explained by the buoyancy and durability of plastics enabling them to potentially travel large distances. Despite the undoubted export of plastics from industrialized to remote regions a high proportion of plastics did, especially in the Southern Ocean, actually originate in local or regional fisheries [18, 19] . There was no evidence of any change in the proportion of plastics in debris with time ( Fig. 6) , thus the levels of plastic must, therefore, be increasing at the rate of other marine rubbish (Fig.  4) .
The data presented here would indicate that the 1982 estimate of 8 million items estimated to be entering the oceans each day [4] now needs to be multiplied severalfold to be updated. The environmental and economic implications of accelerating debris accumulation and export of plastic flotsam would seem to be considerable. In terms of increased opportunities for invasional pest species alone, the problem of marine artifacts seems daunting. Although both densities (Fig. 2 ) and organismal colonization rates of debris [8] were lowest in the Southern Ocean, rates of accumulation of debris are increasing fastest (Fig.  4) . Furthermore, a recent study [20] found debris floating at 68°S in the Southern Ocean, which was not only colonized by many types of animals, but also evidence that some had survived through an Antarctic winter at the freezing air-sea interface. Anthropogenic debris has been estimated to more than treble chances of faunal propagation in subpolar/polar waters compared to potential travel opportunities on natural debris [8] . Action and implementation of existing dumping legislation (e.g., MARPOL, Annex V) are desperately needed, but we must add concepts such as 'pristine', 'remote', and 'wilderness' to extinction lists. Some surveys have involved the first known visit by man to very 'remote' shores, but our miracle material had long since beaten us there.
